Nemerteans are common invertebrates along coastlines in both temperate and arctic climates throughout. the world.
~~-~ phylum that is found abundantly in the intertidal areas of the Oregon coast. As in many other invertebrate phyla, endocrine integration within the nemerteans is thought to be accomplished by neurosecretory mechanisms. In Amphiphorus the presence of these neurosecretory systems has not 2 been previously shown. This project was undertaken to determine if neurosecretory cells are present within the central nervous system of this species and. further, to examine seasonal changes in the number and appearance· of these cells. (Wilmoth, 1967) .
Considering their numbers, nemerteans undoubtedly occupy an important niche in the intertidal ecosystem.
Fundamental body structure within the phylum includes a ciliated epiderimis with associated gland and sensory cells. Beneath the epidermis a layer of connective tissue constitutes the dermis. Lying beneath the dermis, the body wall musculature is composed of two or three layers of circular and longitudinal muscle tissue the number and arrangement of which depend upon the species. Mesenchyme fills the spaces between the body wall and the organ systems.
Nemerteans have a complete digestive system with anterior mouth opening and posterior anal opening. This represents a significant evolutionary advancement over the flatworms from which the phylum is thought to be derived.
Just dorsal to the gut lies the proboscis apparatus, a prey captur.ing organ which is peculiar to the nemerteans. Although the proboscis is a feeding structure it is not part of the digestive system. It is contained within a separate body cavity, the rhynchocoel, which results embryologically from an invagination of the epidermis. The proboscis sheath lines the fluid-filled rhynchocoel and is continuous anteriorly with the proboscis itself. Extrusion of the organ is caused by hydraulic pressure produced when the circular muscle of the sheath compresses the· fluid within the rhynchocoel. Upon contraction the proboscis is rapidly shot through the anterior proboscis pore, much as a sleeve is turned inside out (Hyman, 1951) . In the Order Hoplonemertea the proboscis is armed with a stylet which is used to pierce and hold the prey. Toxic secretions from accessory glands associated with the stylet apparently immobilize the victim. The proboscis is then wound around the prey and serves to pull the animal toward its captor. This is In the nemerteans, as well as in other lower Metazoa, the absence of any proven epithelial endocrine organs predicates the belief that endocrine integration must be accomplished primarily through neurosecretion (Highnam and Hill, 1969) . Neurosecretory cells are dually specialized structures located within the nervous system and having properties typical of nerve cells, but also capable of secreting hormones (Bern and Knowles, 1966; Clark, 1966; Gersch, 1969) . Morphologically, neurosecretory cells are similar to neurons in as much as they have axons. Nissl granules, dendrites and neurofibrillae. They are also capable of transmitting nervous impulses but differ from ordinary neurons in several important aspects: they do not innervate effector brgans nor do they make synaptic connections with other neurons. Unique also to the neurosecretory neurons is the-ability to secrete biologically active materials which may have their effect at some distance away from the release site (Highnam and Hill, 1969) .
This association of glandular and neuronal properties appears to give the neurosecretory cell its special function:
the release of hormonal material in response to nervous stimuli (Bern, 1963) .
The hormones synthesized by neurosecretory cells can often be made visible for light microscopy by means of standard staining techniques utilizing chro~ehematoxylin or paraldehyde fuchsin (Gabe, 1966 (Gabe, , 1968 . These stains, however, are not specific for neurosecretory material and the presence of stainable cells within the nervous system only indicates. the possible presence of neurosecretory function (Bern and Hagadorn, 1965) .
In electron micrographs, neurosecretory cells are found to contain electron dense, membrane bound -granules -I 0 ranging from 1,000 -3,000 A (100-300 nm) in diameter.
These structures appear to originate in the Golgi apparatus in a manner similar to protein droplet formation in other gland cells (Knowles, 1962) . As with stains for light microscopy, the finding of this type of granule cannot be accepted as definitive proof of neurosecretory function.
Cytological evidence should be substantiated by experimental data.
In the invertebrates, the worms as a group have been demonstrated to rely upon neurosecretory mechanisms within the central nervous system as a source of hormones (Scharrer, 1955) . Cytological studies have shown evidence of neurosecretory cells within the central nervous systems of memhers of the Platyhelminthes, Nematoda and Annelida (for reviews see Bern and Hagadorn, 1965; Durchon, 1967) . pears to be one of stimulation (reviews by Clark, 1969; Golding, 1972) .
H. Lechenault (1962) was the first to report the presence of possible neurosecretory cells within cerebral ganglia of nemerteans. In several species of Lineus (Heteronemertea); cells which stained with paraldehyde fuchsin and chrome hematoxylin were found scattered within the cerebral ganglion. Stainable material was seen to travel down the cell axon in some cases. Certain nerve cells within the cerebral organ also appeared to be secretory in nature. Further cytological studies within the Heteroneme-rte-ag-ave-similar results . (Bianchi, 1969; Gontcharoff, 1973, 1974) . Neurosecretory cells have also been demonstrated in four species within the Order Ho2lonemertea (Lechenault, 1963) .
J. Bierne (1964 Bierne ( , 1966 To accomplish this and at the same time determine the presence of neurosecretory products within the central nervous system, the worms were anesthetized in isotonic (0.9%) magnesium chloride and the anterior head region as well as a section taken from the mid-body region were removed from each animal. The head and mid sections were then fixed in Helly's f~uid: saturated aqueous mercuric chloride, 100 cc; potassium bichromate, 2.5 gm; formalin, 7.5 cc. Fixation was accomplished over a period of 12 hours followed by post fixing with 4% formalin for an additional 12 hours.
The tissues were then dehydrated to 70% ethanol and held in this solution until they were embedded in paraffin. Serial sections were stained with paraldehyde fuchsin (Gabe, 1968) followed by Clark's counter-stain (Clark, 1955) .
RESULTS

I. HISTOLOGY OF THE NEUROSECRETORY SYSTEM
The structure of the central nervous system of Amphiphorus imparispinosus and its relationship to other major organ systems is illustrated in Figure 1 . (1963) , Bianchi (1969) and Servattaz and Gontcharoff (1974) for the classification of nemertean neurosecretory cells.
A cells are small (3 to 5 µ), pyriform and stain intensely with paraldehyde fuchsin. The nucleus is large (Fig. 2) . Type B cells are much larger (15 to 20 µ) and more rounded. The cytoplasm of B cells is voluminous and ·stains with variable intensity with paraldehyde fuchsin.
The nucleus is prominent (Fig. 3) . Evidence of axonal transport of neurosecretory·material .into the axon bundle ·can sometimes be seen but a specific release site cannot be positively identified (Fig. 4) . October collections showed a sharp decline in the number of these cells. This low level of secretory activity was maintained through February (Fig. 5 ; Table I ). Separate counts were made on both A and B cells ( Fig. 6 ; Table I ). The standard deviations for the occurrence of.A cells alone were large and no regular pattern of changes in frequency could be discerned. were filled with mature gametes, the ovaries or testes being extremely large (Fig. 7) . Ovary diameter was chosen as an index of sexual maturity in determi~g the reproductive cycle since female specimens outnumbered male specimens in most collections and ovary diameter proved to be more easily determined than ova diameter. Each ovary contained several eggs and demarcations between ova were not always visible.
III. THE REPRODUCTIVE CYCLE
The sexual stage of each female was determined by measuring the diameter of several ovaries along the animal's length.
These figures were then averaged. Figure 8 Bierne (1964 Bierne ( , 1966 Bierne ( , 1973 February. Mean ovary diameter, however, undergoes a dramatic increase during this same period, mature ova being present at the time of lowest secretory activity (i.e., February). One may speculate that the decline in neurosecretion actually represents a release from the inhibitory influence of the cerebral ganglia. There is experimental evidence for an inhibitory hormonal regulation of gametogenesis in work done on other marine worms. Brain removal precipitates the rapid growth of oocytes and premature epitokal metamorphosis in the polychaete, Nereis. _Reimplantation of the brain will prevent these phenomena. Normal oocyte growth in this species apparently depends on a progressive decrease iri the amount of inhibiting hormones (Clark, 1965; Hausenchild, 1964) .
In contrast, if one attempts to explain the reproductive cycle of Amphiphorus by postulating a gonadotropic influence from the cerebral ganglia, the fact that there is a six month lag between the peak in neurosecretion and the ultimate appearance of rip~ gametes makes this interpretition unlikely. In the leeches where the brain is known to have a stimulatory effect on gametogenesis, neurosecretory activity is at its highest level only one month before the appearance of mature sperm clusters (Hagadorn, 1966) .
It would seem, therefore, that the results of the present study are in accord with previous experiments on the endocrine mechanisms of other nemerteans. That is, that the cerebral ganglia release an inhibitory factor preventing maturation of the gonads (Bierne, 1964 (Bierne, , 1966 (Bierne, , 1973 .
Definitive proof for the presence of an inhibitory hormone secreted by the brain of Amphipho~ua ·and controlling the annual sexual cycle must await physiological experimentation. This histological study, however, in no way contradiets J. Bierne's proposal for such an inhibitory influence among members of this phylum.
